INTRODUCTION
Mexican climate ranges from the hot and dry conditions in the northwestern Sonora desert, with an annual rainfall of <100 mm, to the wet tropical climate in the south, where annual rainfall may reach > 3000 mm. Over most of Mexico, > 60% of the annual precipitation occurs during the boreal summer, i.e. from June through September (García 2003) . However, in the northwestern region, the summer rains begin in July, with the onset of the North American monsoon, and end in September (Higgins et al. 2006) . Climate variability in arid and semi-arid regions, such as northern Mexico, greatly affects water-related activities. Episodes of precipitation deficit frequently become meteorological droughts, and later may even result in hydrological and agricultural droughts. The impacts of droughts vary from region to region but, in recent decades, they have led to water shortages and conflicts over water allocations along the USA−Mexico border, particularly when the precipitation deficits persist for several years (Endfield & Fernández-Tejedo 2006) , as during the 1950s or the late 1990s (Seager et al. 2009 ). The 1944 Transboundary Water Treaty between the USA and Mexico requires water deliveries from Mexico to ABSTRACT: The climate predictability tool (CPT) is often used to statistically downscale the Intergovernmental Panel on Climate Change scenarios presented in the Fourth Assessment Report. The CPT reduces systematic errors and interpolates to a higher spatial resolution grid. Monthly means of surface temperature and precipitation from around 20 climate models for 4 greenhouse gas emission scenarios were downscaled for Mexico. Transfer functions are constructed using the 1900−1970 period and evaluated for the 1971−1999 period, examining the CPT ability to reproduce the observed climatology and trends in temperature and precipitation. The CPT-downscaled ensembles of climate change projections are considered adequate since, after correcting systematic biases in climate models, the observed climatology and trends in temperature and precipitation for the 1971−1999 period compare well with the observed data from the Climate Research Unit at 50 × 50 km resolution. The ensemble of downscaled climate change scenarios for the 2000−2099 period is then used to estimate some potential impacts of global warming over Mexico, mostly in water-related sectors. Results show that increases in temperature may be larger in the northwestern than in the northeastern part of the country. Precipitation scenarios project large probabilities of decreases in rainfall over northwestern Mexico, with potential reductions as large as 30%, which correspond to a standard precipitation index of around −1, i.e. a moderate drought. Drought of this magnitude may also bring the vegetation into a state of severe water stress and make it prone to forest fires. The combined effect of increased temperature and precipitation reductions could lead to reduced water availability over northwestern Mexico, especially along the USA−Mexico border region after the 2050s.
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Resale or republication not permitted without written consent of the publisher the USA along the Rio Grande, with a minimum amount of 431 731 000 m 3 annually (Sanchez 2006 ). Between 1998 and 2002, a prolonged and severe drought occurred (Seager et al. 2007) , combined with larger water demands in the Conchos basin in Chihuahua, making it difficult for Mexico to meet the water treaty commitments (Sanchez 2006) . This prolonged drought episode resulted in a diplomatic conflict (see BBC news online, 28 May 2003: http:// news.bbc.co. uk/ 2/ hi/ americas/2940876.stm).
Droughts are part of climate variability. The intensity of a drought depends on both the magnitude of the precipitation deficit and its duration. A meteorological drought results in a soil moisture deficit, which impacts vegetation, wildlife and crops (Wilhite & Glantz 1985) . Droughts end as rains return to normal and soil recovers the necessary levels of moisture to support life. With normal precipitation, lakes, streams and aquifers also recover their normal levels to end hydrologic and agricultural droughts (Adams et al. 1998 ).
Current trends in temperature indicate a tendency for warmer temperatures in northern Mexico, of around + 0.8°C per 100 yr (Fig. 1a) (Englehart & Douglas 2003) . Precipitation trends are hard to detect considering the large amplitude of interdecadal variations in the hydrologic cycle (Méndez & Magaña 2010) . There is a slight tendency towards a change on the order of + 5% per 100 yr (Fig. 1b) . However, the tendency toward a warmer climate may affect water availability in such a way that prolonged and severe hydrologic droughts may become more frequent (Soule & Yin 1995) . The most severe drought in northern Mexico during the 1950s coincided with the maximum amplitude of warm anomalies. In other words, water scarcity and higher than normal temperature coincide. Such conditions have impelled the Mexican water authorities to consider climate change in their long-term plans (SEMARNAT-INE 2006) . This requires a careful consideration of regional climate change projections.
The climate change scenarios in the Intergovernmental Panel on Climate Change Fourth Assessment Report (IPCC AR4, 2007) project that North America, particularly the border area be tween Mexico and the USA, may be among those regions where more frequent and severe droughts may occur (Seager et al. 2009 ). Considering that the pressure on water resources is extremely high along the USA−Mexico border, climate change constitutes a major threat and risk of crisis for millions of people (Coles et al. 2009 ). Any adaptation to climate change should take into account projections of climate at the regional level, along with detailed vulnerability assessments by region, sector, or group. In the USA− Mexico border region, in addition to the uncertainty in any climate change projection, adaptation to climate change in the water sector should consider the binational nature of the hydrologic basins and water reservoirs, as well as the transboundary water treaty.
Climate models have systematic errors that may be present when climate change projections are interpreted at the regional level. In view of our advances in the understanding of low (interannual) (Magaña & Conde 2003 and very low (interdecadal) climate variability (Schubert et al. 2009 , Seager et al. 2009 , Méndez & Magaña 2010 in this region, it is now possible to estimate the relative im - The objective of the present study is to present an ensemble of downscaled versions of the IPCC AR4 climate change scenarios for northern Mexico, correcting some of the systematic errors observed in the atmospheric ocean general circulation models (AOGCMs) in simulations of temperature and precipitation. The climate predictability tool (CPT), used as a statistical downscaling method, allows us to prepare numerous regional climate change projections to estimate the spread among models as a measure of uncertainty in the projected changes of temperature and precipitation. In this way, a range of temperature and precipitation changes may be obtained for the present century and, along with projections of vulnerability, the potential impacts in the water sector estimated.
DATA AND METHODOLOGY
Climate change scenarios at the regional level provide the information necessary to estimate potential impacts of extreme climate upon the environment and human activities (IPCC 2007) . The scenarios should not be viewed as predictions or forecasts, but as internally consistent visualizations of possible future climates, responding to increased radiative forcing. This is particularly important since climate at the regional level is at times affected by elements such as the effects of land use change not included in global models and projections of climate.
The AOGCMs used for IPCC AR4 do not have sufficient spatial resolution to represent some atmospheric processes of relevance for the regional climate of the tropical Americas (e.g. tropical cyclones) or land surface processes that determine the unique regional heterogeneity of the climate of northern Mexico. Until recently, the biases in simulations and the limited number of high spatial and temporal resolution experiments, either with nested models or statistical techniques, affected the confidence concerning regional and local precipitation scenarios and, to a lesser extent, temperature scenarios. Therefore, our approach to the generation of regional scenarios concentrates on reducing systematic errors in various AOGCMs in order to reach an adequate estimate of the expected ranges of change due to increased greenhouse gas concentrations.
Because of the coarse scale at which AOGCMs operate, the geographical locations of coastlines or mountain chains may be distorted, inducing systematic errors in regional climate simulations. These errors may be propagated in regional climate change scenarios if simple linear interpolation is used as a downscaling tool. Therefore, AOGCMs need to be adjusted so that their output can be interpolated at the regional level. The CPT (IRI 2009) was developed to statistically downscale climate model output from seasonal climate predictions and to perform model validation (Korecha & Barnston 2007 , Moron et al. 2009 . The coarse climate model spatial resolution fields of temperature and precipitation (approximately 300 × 300 km) may be downscaled to finer spatial scales on the order of 50 × 50 km, comparable to observed gridded analyses of regional climate. As in model output statistics (MOS) techniques (Karl et al. 1990 ), the CPT requires observed and model output data (often called re sponse and explanatory variables) in order to construct transfer functions. Downscaling techniques, such as CPT, calibrate statistical transfer functions through historical relationships between modeled and observed fields so systematic errors in model output are reduced. Identification of such errors is better achieved when not only grid points but also patterns, and particularly variability modes, are correlated (Ebert & McBride 2000) . The CPT scheme is based on pattern comparison by means of either canonical correlation analysis (CCA) or principal components regression (PCR).
Integrations for climate change studies for the IPCC AR4 span from around 1900 to 2100, which makes it possible to construct transfer functions using the high spatial resolution of observed temperature and precipitation fields for the 1900−1970 period. In the present analysis, the stability and skill of the transfer function are evaluated using the 1971−1999 data as an independent sample. As in any bias correction method, the quality of the observational datasets limits the quality of the bias correction. In addition, it is assumed that the bias behavior of the model does not change with time; thus, in the downscaling approach used here, the relationships for the downscaling are supposed stable in a changing climate, i.e. for the 2001−2100 period. This may be a major assumption for any down scaling approach of climate change scenarios (Hagemann et al. 2011) .
Various statistical approaches to downscale GCM climate change scenarios for Mexico have been proposed to project the activity of mean, and even extreme, events (Magaña et al. 1997 , Cueto et al. 2010 . However, most of these are based on a few models only, and lack the benefit of a multi-model ensemble perspective, such as the one presented in the IPCC AR4. The AOGCM climate change scenarios used for the IPCC AR4 model projections of surface temperature and precipitation are available at the IPCC Data Distribution Center. Model output fields from around 20 different models for the greenhouse gas emission scenarios A2, A1B, B1 and COM-MIT have been CPT downscaled. The 20C3M baseline scenarios for each AOGCM were used as a reference to construct the projected changes in regional climate.
In the downscaling process, the Climate Research Unit (CRU) of the University of East Anglia's monthly temperature and precipitation observed fields, with a spatial resolution of 50 × 50 km for the 1901−1999 period, were used (Mitchell et al. 2004 ). The CRU data capture the very low frequency variability and temporal trends of temperature and precipitation over northern Mexico. For instance, the time series of monthly mean temperature records for La Junta, Chihuahua (28.7°N, 107.9°W) for the 1936−1984 period, obtained from the Global Historical Climate Network (GHCN) archive, and the CRU mean monthly temperature data at the nearest grid cell (28. 7°N, 197 .7°W) have a correlation coefficient of r = 0.97 and an approximate warming tendency of 0.02°C per 50 yr. For monthly precipitation data, the correlation coefficient be tween CRU and the La Junta, Chihuahua station is r = 0.88, and the trend is + 0.75 mm per 50 yr for La Junta and 0.13 mm per 50 yr for CRU. It should be noted, however, that the GHCN data used to construct the CRU data base include only ca. 450 stations over Mexico. If these were uniformly distributed over the Mexican territory, a gridded dataset of 70 × 70 km could be constructed, close to the grid resolution of the CRU data base.
For the present study, the CPT scheme was used with the PCR method to compare the coarse resolution AOGCM data with the observed high spatial resolution fields and prepare the transfer function. The downscaled fields were constructed with the first 5 modes (EOFs). In this manner, an ensemble of regional climate change projections was prepared for the 2001−2099 period (Table 1) .
The capacity to generate monthly fields for a long period makes it possible to reproduce the annual cycle of climatic parameters, as well as the response of the regional climate to large-scale forcing, such as the augmented radiative forcing that results from increased greenhouse gas concentrations. A CPT downscaled realization was incorporated into the ensemble if the 1971−1999 observed trend over Mexico was approximately captured (sign and order of magnitude), and if the downscaled annual cycles of precipitation and temperature for Mexico were approximately reproduced.
We used complementary data for impact analyses. To this end, the normalized difference vegetation index (NDVI) was taken from the NASA data archive (Tucker et al. 2005) . This index serves to assess the impact of anomalous climatic conditions on the vegetation and is a measure of the amount and vigor of vegetation on the land surface. NDVI spatial composite images are developed to more easily distinguish green vegetation from bare soils. The index has values ranging from −1.0 to 1.0, with negative values indicating clouds and water, positive values near zero, indicating bare soil, and higher positive values ranging from sparse vegetation (0.1−0.5) to dense green vegetation (0.6 and above). The impact of projected higher temperatures on plants may be estimated considering the large correlation between temperature anomalies and plants over northern Mexico (Ichii et al. 2002) . Because NDVI is an indicator of the amount and vigor of vegetation greenness, positive anomalies correspond to healthy vegetation conditions and negative NDVI anomalies to stressed vegetation. Therefore, estimates of changes in soil moisture and NDVI are obtained using CPT as a predicting tool, with surface temperature projections as predictors.
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Model
Emission scenario A2 A1B B1 COMMIT 
DOWNSCALING OF PRECIPITATION AND TEMPERATURE
The CPT is capable of simulating the 1971−1999 climatology for annual mean surface temperature (Fig. 2) and annual accumulated precipitation (Fig.  3) . For instance, when the Geophysical Fluid Dynamics Laboratory Atmosphere-Ocean General Circulation Model (GFDL AOGCM) is used, the CPT GFDL downscaled version better approximates the magnitude, shape and location of the main spatial features of the temperature and precipitation fields over Mexico than the coarse model. Similar results were obtained for the rest of the models listed in Table 1 .
The CPT version of temperature and precipitation high spatial resolution fields look similar. There are, however, some differences in magnitude, particularly in the precipitation field over central northern Mexico, since the CPT version for the base period (1971−1999) , slightly overestimates the annual accumulated precipitation (Fig. 3) .
The trend of change in temperature and precipitation are a measure of the sensitivity of climate to increased radiative forcing. The latter has increased in recent years, thus forcing a warmer climate (IPCC 2007) . The regional linear trend over northern Mexico for the 1971−1999 period is captured by the CPT regional climate change scenario ensemble. For instance, the CPT-downscaled version of the UKMO_HADCM3 model shows a trend in the mean annual temperature closer to that observed than was the case in the original AOGCM (Fig. 4) . This is an important element to consider in the downscaling process.
A similar exercise for the trend in annual precipitation fields shows that the CPT downscaled version of the HADCM3 is closer to that observed than was the case in the original AOGCM (Fig. 5) . The magnitude of the tendencies in precipitation, either positive or negative, are exaggerated by the AOGCM but corrected to magnitudes comparable to those observed after applying CPT, as on the Yucatan Peninsula. Some differences between the CPT-downscaled version and the observed fields still exist, but they are much smaller than between the observed trends and the original GCM. For instance, there are regions with a positive trend in precipitation for the 1971−1999 period that appear after applying CPT.
The need to have the largest possible number of realizations in the ensemble has been defined as an important element in probabilistic regional climate change scenarios. For projections for the end of the century, most sources of uncertainty at the global scale have to do with greenhouse gas emission scenarios. However, differences in the projections for the coming decades have to do more with natural variability and the way this is captured in various models (Hawkins & Sutton 2011) , as well as internal instabilities or processes not well captured by the coarse spatial resolution of the AOGCM (i.e. tropical cyclones). The differences among climate change experiments has been used as a measure of uncertainty, concluding that the larger the dispersion among models, the larger the uncertainty in the projection. More detailed spatial information also increases the uncertainty about the finer scale dynamic processes that result in regional climate. Evaluation of uncertainty at regional and local scales is complicated by the smaller ratio of the signal to the internal variability (Christensen et al. 2001 , Hawkins & Sutton 2011 . As in global climate models, regional climate scenarios show there is more consistency among projections of the sign and magnitude of the temperature changes than in the precipitation projections. In any event, the interpretation of regional climate change scenarios requires a certain level of knowledge of the dynamics of processes that result in the characteristic climate of a region.
REGIONAL CLIMATE CHANGE SCENARIOS
Most studies agree that temperature will increase in the decades to come and that this will affect the hydrological cycle at global and regional scales (i.e. Alcamo et al. 2007 ). The impacts of permanent changes in climate are expected to have a vast number of socioeconomic consequences, particularly in regions where several natural climatic disasters have occurred in recent decades. The IPCC (2007) has shown that the northern part of Mexico and the southern USA will be among those regions where water deficit will be exacerbated due to the large expected increases in temperature and reduction in precipitation. The downscaled climate change scenarios obtained through CPT are capable of showing the contrasts in projected climatic changes between the regions in northern Mexico. The magnitude of the increase in temperature is expected to vary from the northwest to the northeast, mainly because the dynamic mechanisms that control climate variability are related to processes in the Pacific and Atlantic Oceans , Méndez & Magaña 2010 . The mean of the ensemble of downscaled annual surface temperature shows that northwestern Mexico may experience increases on the order of 2.5 ± 1.0°C by the middle of the 21st century under the A2 scenario (Fig. 6) . Under a medium emission scenario such as A1B (not shown), the increase for the same period in that region is similar to the one observed under A2. It is only after the 2050s that the difference in the projected temperature changes between A2 and A1B become significant (around 1.5°C between medians) (Fig. 6) .
The increases for the 2070−2099 period are on the order of 3.5°C in the northwest and around 3.0°C in the northeast of Mexico under the A2 scenario. Under the A1B scenario, the projected increases for 176 Fig. 3 . As in Fig. 2 , but for the climatology of annual accumulated precipitation (mm) for the GFDL AOGCM the end of the present century are around 3.0°C in the northwest and about 2.5 in the northeast (Fig. 7) . These are the most noticeable regional differences in the projections of surface temperature change in northern Mexico. The Conchos River basin, a key region for water transfers from Mexico to the USA under the 1944 treaties, is located in the northwestern part of northern Mexico, where temperature increases are expected to be larger. In the present analysis, the COMMIT scenario predicts increases of <1°C by the end of the century (Fig. 8) for northwestern Mexico. The A2, A1B and B1 scenarios begin to differ from one another after the second half of the 21st century. This difference in projections of temperature beyond mid-century shows the importance of the mitigation of greenhouse gases, since the difference in the magnitude of warming has a significant effect on soil moisture, given the exponential growth of potential evapotrans piration. For some regions of northwestern Mexico, as in northern Sinaloa (105°W, 25°N) where irrigation fields occur, a scenario of a 3°C higher mean temperature and no change in precipitation could reduce soil moisture to zero during the North American Monsoon season, i.e. during June, July and August; at present soil moisture is estimated at around 60 mm. This is an indication of a potential transition to a more arid climate (Seager et al. 2009 ). The intermodel range of temperature increase for northern Mexico provides a measure of the uncertainty associated with internal climate variability, parameter uncertainties and the chaotic nature of the climate system. If, for instance, 80% of realizations around the median are used as the uncertainty range, it may be concluded that warming in northwestern Mexico will be around 1.5 and 3.5°C by the mid-21st century (Fig. 9) . When outliers are included, warming is up to 5°C. The increases in the A1B scenario are smaller than under A2, but exceed the 2°C threshold considered as critical for several activities such as water management and agriculture (Stern 2006) after the mid-21st century. For instance, in some parts of northwestern Mexico (Sinaloa), a 2°C increase in temperature may result in significant maize yield reductions in irrigation fields (OjedaBustamante et al. 2006) .
The magnitude and location of the maximum projected changes in temperature, and those projected for northwestern Mexico, tend to match, at these spatial scales, the patterns obtained with dynamical downscaling methods, such as those used in the North America Regional Climate Change Assessment Program (NARCCAP 2009; see www.narccap. ucar. edu/), the Earth Simulator from Japan (Pérez-Pérez et al. 2007 ) and the PRECIS from the Hadley Center (Campbell et al. 2007) . Most CPT and dynamically downscaled projections of temperature tend to produce larger increases of temperature over northwestern Mexico and the Yucatan Peninsula than over the rest of the country. This may be related to the bias of several IPCC AR4 climate models to produce El Niño-like patterns in sea-surface temperature. This is probably the reason for the similarities between CPT and dynamically downscaled temperature scenarios under climate change. For instance, the Hadley Centre AOGCM projected an intense warming by the middle of the 21st century over northeastern Mexico, on the order of 3°C, and a slightly weaker warming over northwestern Mexico, around 2°C (Fig. 10a) . However, the CPT-downscaled version reduces the magnitude of regional warming distributed over the northern states of Mexico (Fig. 10b) . A similar effect is observed in the results obtained by dynamicallydownscaled experiments for the HADCM3 presented at the NARCCAP site (www.narccap.ucar. edu). Similar results are also obtained for precipitation scenarios. Precipitation projections with the HADCM3 AOGCM tend to produce negative changes to the east and positive changes to the west of Mexico (Fig. 10c) . The CPT-downscaled versions of such projections produce positive changes in northeastern Mexico and negative changes in northwestern Mexico (Fig. 10d) . Similar results are obtained with the dynamically downscaled version of this model available at the NARCCAP site. This type of result applies not only for the HADCM3 model, but for other models used for NARCCAP. Mexico is one of the regions of the world where precipitation is more likely to decrease under climate change (IPCC 2007) . The downscaled scenarios of changes in precipitation for the 2040−2069 period show that decreases in annual rainfall may occur over most of Mexico (10−20%), under both A2 (Fig.  11a) and A1B (Fig. 11b) . Only in parts of the northeast is there an indication of a small negative or even positive change (5%). The projected reductions in precipitation for the states of Sonora, Baja California and parts of Chihuahua may be between 10 and 25% for the 2070−2099 period (Fig. 11) . These reductions in precipitation combined with large increases in temperature imply a large increase in potential evapo transpiration and a substantial reduction in water availability and soil moisture, affecting the irrigation districts of northwestern Mexico. On the other hand, for the northeastern region, in states such as Tamaulipas, the expected magnitude of the negative changes in precipitation is only between −5 and −10%. Natural climate variability produces larger changes in annual precipitation than those expected under climate change. However, if a large negative anomaly in precipitation resulting from natural variability combined with the negative tendency in precipitation, the negative effect would be magnified.
There is a wide variety of precipitation scenarios among models. The majority of downscaled scenarios indicate that most of Mexico will experience reductions in precipitation. However, there are a few models that project increases in precipitation in these regions (Fig. 12) . The magnitude of the projected precipitation change is smaller than the dispersion among models. This makes precipitation scenarios for the present century more uncertain than those for temperature. An additional and important source of uncertainty is the fact that water availability depends on the passage of a tropical cyclone over the region. This is a difficult element to incorporate in the regional scenarios. The median of the downscaled scenarios indicates that reductions in precipitation across the USA−Mexico border may be, on average, < 5% under the A1B scenario during the dry season, and between 5 and 15% during the wet season. Projected changes under the A2 scenario are similar. Although rains in Mexico during the boreal winter months are meager, they may be important to maintain certain levels of soil moisture and to reduce the water stress in the vegetation during spring (Magaña & Conde 2003) .
The time evolution of the projections indicates that it is more probable that the decreases in precipitation will be important during the second half of the 21st century, i.e. they will show, at least for the A2 scenario a clear negative trend, as observed in the 24 mo Standard Precipitation Index (SPI-24) time series obtained from the CPT-downscaled scenarios. The SPI is a normalized version of the precipitation anomalies and has been used to characterize the severity of meteorological drought (Méndez & Magaña 2010) . The SPI-24 makes it possible to remove the effects of year-to-year variability and reflects the effects of persistent precipitation anomalies. Time series of observed (1901− 1999) and downscaled projections of SPI-24 along the USA−Mexico border region, serve to estimate the potential tendency for more meteoro logical droughts. The observed SPI-24 time series show the prolonged droughts during the 1910s, 1930s, 1950s and late 1990s in northern Mexico (Fig. 13) . The magnitude of SPI-24 during the 20th century was close to −2 when prolonged droughts occurred, which corresponds to the category for extremely dry conditions occurring (Fig. 13a ) than under the A1B scenario (Fig. 13b) , particularly after the 2050s, with SPI-24 values averaging around −1. Such conditions may be interpreted as semi-permanent moderate meteorological drought over northern Mexico.
POTENTIAL IMPACTS OF CLIMATE CHANGE
During the 1998−2002 period, droughts were observed in several regions of the northern hemisphere (Zeng et al. 2005) , with severe impacts in various ecosystems. During the drought of the late 1990s in northern Mexico, the average level of the Amistad-Falcon dam, on the USA−Mexico border, was only 30% of its total capacity, limiting the capability of Mexico to fulfill the transfer of water from the Conchos basin, from Chihuahua to the state of Texas. The regional climate change scenarios suggest that by the end of the 21st century, water availability in northwestern Mexico may be reduced by up to 30% because of global warming, due to potential reductions in precipitation and because of the increase in temperature.
Historically, droughts have had serious consequences in important sectors of northern Mexico, such as agriculture, forestry and the environment (Mearus et al. 2009 ). In order to examine the impact of climate change, the conditions during a similar anomalous warm and dry period may be analyzed. Anomalously high temperatures in northern Mexico persisted during the summers of 1998−2002 (around + 2°C) with precipitation below normal (−20 to −30%), leading to a prolonged drought. Such climatic anomalies resulted in a severe soil moisture deficit and water stress in crops and vegetation that increased the potential of forest fires. In fact, the spring of 1998 resulted in the season with the largest number of forest fires in Mexico in recent decades, not only due to the hydrologic stress in vegetation, but also to practices of slash and burn in the agricultural sector (Magaña 1999) . Vulnerability in northern Mexico has not been reduced since then (Liverman 2001) , and, consequently, the risk of a major environmental disaster is still present (Wilder et al. 2010) .
The CPT tool was used to project changes in soil moisture (Fig. 14a) and NDVI (Fig. 14b ) using temperature as the predictor. The calibrating period for this variable is limited to 20 yr (1981−2000) , but the close relationship between temperature and soil moisture and NDVI, particularly over northern Mexico (Ichii et al. 2002) , allows the development of a transfer function. The NDVI negative changes over northern Mexico are also related, to a lesser extent, to the reductions in precipitation. The projected patterns for the second half of the 21st century correspond to a severe soil moisture deficit and water stress in plants. The projected situation may be examined in the context of previous droughts. For instance, the projected changes in soil moisture and NDVI under the A2 scenario resemble the observed anomalies under El Niño 1997/1998 conditions, particularly over northeastern Mexico . Most of the affected regions correspond to semi-arid areas, where natural vegetation is a niche for very rich biodiversity. During March and April 2011, very low-frequency climate variability over northeastern Mexico led to positive surface temperature anomalies close to 5°C, and considerable water stress in the vegetation. This resulted in a record number of forest fires in the state of Coahuila, south of Texas. Under climate change, this situation would last for several decades.
CONCLUSIONS
The present study shows that the CPT is a useful method to obtain regional climate change scenarios, since it is capable of reducing systematic errors of the coarse spatial resolution AOGCMs and interpolate to finer spatial scales by means of EOFs. Climate change scenarios show that it is more probable that northwestern Mexico will experience larger increases in temperature and reductions in precipitation than the rest of the country. The Conchos basin is in this part of northern Mexico, and the streamflow and surface water may be more severely affected by the larger expected increases in temperature, generating difficulties for Mexico to meet the water treaties with the USA, as in the 1990s.
Such climatic changes increase the possibility of prolonged droughts in the long term, with severe negative impacts on the socio-economic life of northern Mexico. The USA−Mexico border region will have to go through a process of adaptation to climate change to reduce the growing demands for water and ensure more careful management of natural ecosystems, since drier conditions are also likely to affect the vegetation.
To diminish the risks of hydrologic drought, it is necessary to increase the efficiency in water use in the agricultural, industrial and public sectors (Eakin et al. 2007 ). Climate change scenarios may help with the consideration and implementation of adaptation policies. Prolonged droughts could again cause desperate conditions in the water sector, which are best counteracted by knowledge and cooperation. Several projections of water availability for Mexico during the 2020−2030 period suggest that northern Mexico may be a region where the risk of large deficits in water availability will be high, particularly over the states of Sonora, Chihuahua and Baja California (SEMARNAT-INE 2006) . The demands for water will be higher according to some projections (CONAGUA 2011a,b) . If climate change is taken into account, the water problem may become a serious issue in the coming decades (Garfin et al. 2007 , Wilder et al. 2010 , according to climate change scenarios, such as those presented in this study. 
